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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide the optical amplifier 
with a simple 

configuration which amplifies a wavelength multiplex signal 
over a broad band 

is amplified altogether and outputs a high power signal 
light in an optical 

fiber communication system, especially a wavelength 
multiplex optical fiber 
communication system. 

SOLUTION: In an optical demultiplexer circuit 1A, all 
channels are once 

demultiplexed by, e.g. an arrayed waveguide grating (AWG) 2 
and wavelength 

multiplex processing is conducted for each group by AWGs 
3<SB>1</SB>-3<SB>3</SB> . The demultiplexed wavelength 



groups are amplified by 

an erbium doped optical fiber amplifier 4 being a proper 
optical amplifier 

element and semiconductor laser amplifiers 5<SB>1</SB>, 
5<SB>2</SB> in response 

to each wavelength band and demultiplexed again by an 
optical -multiplexer 
circuit 6A. 
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2. **** shows the word which can not be translated. 

3 . In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



Petailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the optical amplifier for wavelength multiplex 
transmission which transmits by carrying out multiplex [ of two or more wavelength ] especially about the optical amplifier used 
for optic fiber communication equipment. 
[0002] 

[Description of the Prior Art] In recent years, development of the optical direct amplification junction transmission system using 
this EDFA as a repeater of an optic fiber communication system is briskly furthered with the miniaturization of erbium-doped 
optical fiber amplifier (Following EDFA is called), and high-performance-izing. Since an optical direct amplification junction 

transmission system does not choose the modulation technique or m odulation rate of a signal to rela y, jutilizafiorLhas-already 

-begun4t^s-a-high-tr-ansni^ JiDFA used here can amplify the light covering 20 to 30nm, and a large 

wavelength range, it can amplify collectively the signal light which carried out wavelength multiplexing. Taking advantage of this 
feature, research of the wavelength multiplexing optic fiber communication system to which the capacity which can be transmitted 
with one optical fiber by wavelength multiplex transmission is expanded is active. For example, the 5 5 -wave multiple signal (a 
total of 1 . 1 Tbps(es)) modulated with the modulation rate of 20Gbps in the wavelength range of 33nm of EDFA which hits all 
amplification bands mostly The example of an experiment which carried out junction transmission over 1 50km of optical fibers is 
reported recently (R). [ Onaka, et.al, ] [ "1.1 Tb/sWDM Transmission over a 150km 1.3 mm Zero-Dispersion ] Single-Mode 
Fiber, "Optical Fiber Communication Conference OFC'96, postdeadline papers, PD19, San Jose, CA, and 1996. 
[0003] In such a wavelength multiplex transmission system, the output power of an optical repeater serves as an important 
parameter of a system. In an optical direct amplification junction transmission system, the spontaneous emmision light (Following 
ASE is called) which serves as a noise from an optical repeater occurs, and the signal-to-noise ratio (following SN ratio) of 
transmission light is degraded. For this reason, it is necessary to keep the signal output level from an optical repeater to some 
extent high. When amplifying wavelength multiplexing light collectively especially, in proportion to the number of channels to 
input, high saturation power power is required of an optical amplifier. On the other hand, in EDFA, the example of the amplifier 
with which the maximum optical output power exceeds 23dBm (200m W) is reported by high performance-ization of the 
excitation light source, and it is an optical amplifier suitable for wavelength multiplex transmission. 
[0004] 

[Problem(s) to be Solved by the Invention] When the further expansion of transmission capacity will be required by wavelength 
multiplex transmission from now on, since that amplification band is restricted with about 30nm, transmission capacity is 
restricted by the limit of the number of wavelength which can be arranged in this band by existing EDFA. A wavelength gap will 
mainly be restricted by the stroke from a contiguity channel, and the minimum value will be about 3 times the transmission speed. 
For example, the number of maximum wave length which transmission speed can arrange to a 30nm band to 20Gbps is set to 63, 
and the maximum of the total transmission capacity serves as 1 .26Tbps(es). Therefore, in order to attain larger transmission 
capacity, a wide band is required by the optical amplifier. 

[0005] On the other hand, the semiconductor optical amplifier has the large amplification band of lOOnm, and is a suitable device 
to the above-mentioned purpose. However, since saturation optical output level is as low as several dBm compared with EDFA, if 
semiconductor amplifier carries out package amplification of the multi-wavelength multiple signal, the maximum output power 
per channel will become small sharply. Consequently, since the signal-to-noise ratio in the inside of a transmission line 
deteriorates sharply, good transmission is unrealizable unless evasion measures, such as shortening a repeating span, are used. 
[0006] The purpose of this invention is to offer the optical amplifier [ the output power which can maintain an SN ratio required 
for transmission for the wavelength multiple signal covering a large range ] which can carry out package amplification 
[0007] 

[Means for Solving the Problem] An optical amplifier of this invention has an optical separator which carries out wavelength 
multiplexing of the light from two or more optical amplification elements which amplify light from an optical separator which 
divides into two or more groups containing one or more waves light which carried out multiplex [ of two or more wavelength ], 
and said each optical separator, and said two or more optical amplification elements. 

[0008] An optical amplifier of this invention amplifies by separate optical amplification element for every wavelength which 
divides a band of a signal to amplify and is contained in each band. With each optical amplification element, the number of 
wavelength which carries out incidence by power per [ which the saturation power power and system need ] channel is 
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determined. With an optical multiplexing vessel, wavelength multiplexing of such light amplified separately is carried out, and 
they is sent out to a transmission line. It can consider as a value which a system needs, without restricting output power of each 
channel by saturation power power of an optical amplifier by taking this configuration. An optical amplification element has a 
limit at the maximum power in which an output is possible as a Prior art described. When amplifying wavelength multiplexing 
light for this property (for example, n wave), the maximum output of each wave is set to 1/n of saturation power. That this value 
does not fulfill a necessary value of a system poses a problem. On the other hand, two or more optical amplification elements are 
prepared like this invention, and if the number of wavelength which carries out incidence to each optical amplification element is 
suitably restricted according to saturation power, all channels can be considered as a necessary output of a system. In other words, 
a limit of saturation power power of each optical amplification element would not be received, but package amplification of a 
wavelength multiplet has been performed. 

[0009] By the way, if the number of channels of wavelength multiplexing light used and wavelength of each channel are 
immobilization, as for a configuration, it will be decided in this invention that an optical separator will also be a meaning. On the 
other hand, in an optical network using wavelength routing by which current research is done, since pass changes with the 
partners who communicate, the number of channels and wavelength which carry out incidence to an optical amplifier in a 
transmission line are changed. Usually, since it is controlled by optical amplifier so that full power power becomes fixed, if the 
number of wavelength which carries out incidence to an optical amplification element is changed, power of each channel will also 
be changed. In order to suppress this fluctuation, a function to detect the number of channels and wavelength is prepared in the 
input section of an optical amplifier, and a division band is controlled by optical separator according to this information. Thereby, 
power of each channel is maintained at constant value in an optical amplification element output. 

[0010] That is, since the amplification factor which each wavelength receives is fixed even if the number of wavelength which 
carries out incidence to an element changes if an optical amplification element is controlled to amplification factor regularity, 
output power is kept constant if input control power to an ele ment does not change. Although inp ut_cpntxolpower-tQ-an-element-is- 
-usually-decided-by-loss-of an*oxrtpxirlevel"of an optical transmitter of the preceding paragraph, or an optical amplifier, and a 
transmission-line optical fiber, since these hardly change, input control power serves as constant value, and, as a result, becomes 
fixed [ an output ]. In the case of an optical amplifier, control of full power power regularity is usually performed, but if the 
number of wavelength which will be inputted into an element if it does so changes, power per each channel will change. 
[001 1] According to the embodiment of this invention, said optical amplification element is controlled so that an amplification 
factor becomes fixed. 

[0012] Even if it changes by this the number of channels which carries out incidence to an optical amplification element, output 
power of each channel is kept constant. 

[001 3] According to other embodiments of this invention, said optical separator consists of a wavelength separation element 
which divides inputted wavelength into one wave at a time, and two or more optical multiplexing elements which multiplex light 
from said wavelength separation element for every predetermined group. 

[0014] According to other embodiments of this invention, an optical amplifier An optical coupler for taking out a part of input 
light to said optical separator, and a wavelength detection means to detect each wavelength of two or more light contained in 
taken-out light, It has further an optical switch formed between said wavelength separation element connected to a branching 
output of another side of said optical coupler, and said wavelength multiplexing element, and a control means which controls the 
number of wavelength which carries out incidence to said two or more optical amplification elements with said optical switch 
using a signal of said wavelength detection means, respectively. 

[001 5] If the number of channels or wavelength arrangement which carries out incidence changes to an optical amplifier working, 
a wavelength detection means will detect it. A control means determines a channel which carries out incidence to each optical 
amplification element, and changes a path of an optical switch from this detection information, and an amplification band and 
saturation power power information on an optical amplification element which is an optical amplification element. 
[0016] According to other embodiments of this invention, it connects with an output of an optical branch circuit which branches 
input light to plurality, and said optical branch circuit, and said optical separator consists of two or more optical band pass filters 
which start a predetermined band. 

[001 7] With this operation aspect, each optical component is cheap, and a division band can be freely set up with a transparency 
band and transparency center wavelength of an optical band pass filter, and it can respond to two or more systems of various 
wavelength arrangement flexibly with a kind of optical amplifier further by using an optical band pass filter which makes 
adjustable transparency center wavelength and a transparency band. 

[0018] According to other embodiments of this invention, said setup can set up freely transparency center wavelength and a band 
of an optical band pass filter. 

[0019] According to other embodiments of this invention, a transparency band where transparency center wavelength and a band 
of said optical band pass filter were connected to concatenation carries out by control of transparency center wavelength of two 
optical band pass filters which can set up transparency center wavelength freely by immobilization. 

[0020] According to other embodiments of this invention, it has a wavelength detection means to detect an optical coupler which 
takes out a part of input light to an optical separator, and two or more wavelength contained in taken-out light, and the number of 
wavelength which carries out incidence to said two or more optical amplification elements is controlled by transparency center 
wavelength and a band of said optical band pass filter. 

[0021] Even if it changes the number of channels and wavelength which carry out incidence to an optical amplifier by this 
configuration, it can be kept constant, without dropping output power of each channel. 
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[0022] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is explained with reference to a drawing. 

[0023] It is drawing showing the image of band division of amplifier [ in / drawing 1 , and / in drawing 2 / the optical amplifier of 

drawing 1 ]. [ the block diagram of the optical amplifier of the 1 st operation gestalt of this invention ] 

[0024] The optical amplifier of this operation gestalt is optical branch circuit 1 A which divides into two or more groups the light 
which carried out multiplex [ of two or more wavelength ] and which is an optical separator, EDFA4 which is the optical 
amplification element which amplifies each group's light and a semiconductor laser amplifier 51, and 52. EDFA4 and a 
semiconductor laser amplifier 51, and 52 It consists of optical multiplexing circuit 6A which is the optical multiplexing machine 
which carries out wavelength multiplexing of the amplified light. 

[0025] Once AWG (Arrayed Waveguide Grating) 2 separate all channels in optical branch circuit 1A, it is AWG 31-33. It carries 
out multiplex [ of the wavelength ] for every group. A wavelength field makes from 1 530nm to 1 560nm the 1 st group 2 1 , and the 
band outside is summarized in the 4 wave degree [ every ] 2nd group 22, and the 3rd group 23. Amplifying the 1st group's 21 
light by EDFA4, the 2nd and 3rd group's 22 and 23 light is a semiconductor laser amplifier 5 1 and 52. It amplifies, these optical 
amplifiers 4 and 5 1 and 52 from — output light is multiplexed by optical multiplexing circuit 6 A. Optical multiplexing circuit 6 A 
has composition which made reverse I/O of optical branch circuit 1 A, and is each groups' 21,22, and 23 light AWG7 1,72, and 
73 After dissociating, all wavelength is multiplexed by AWG8. It is the feature that this configuration makes division group 
number the minimum taking advantage of the high saturation power property of EDFA. 

[0026] Moreover, it sets in this operation gestalt and is optical amplifiers 4 and 5 1 and 52. If it controls so that gain becomes 
fixed, it will be each optical amplifiers 4 and 51 and 52. Even if it changes the number of channels which carries out incidence, 
the output power of each channel is kept constant, optical amplifiers 4 and 5 1 and 52 as the method of keeping gain constant — 
optical amplifiers 4 and 5 1 and 52 from ~ the power of the spontaneous emmision light (ASE) to generate is kept constant - as - 

optical amplifiers 4 and 51 and 52 Controlling an exciting c urrent etc. is mentioned (T^akaba yaslii._^lkhLamplifier^ptjcal — 

_amplifier-kyout-methodrand-optical-fiber "junctteiTtransmission-system" Japanese Patent Application No. 5-330275). 
[0027] Drawing 3 is the block diagram of the optical amplifier of the 2nd operation gestalt of this invention. This operation 
gestalt uses the optical semiconductor laser amplifier array 30 as two or more optical amplification elements. Incident light is 
divided into an every four waves group, and incidence is carried out to the semiconductor laser amplifier array 30. Although the 
number of amplifiers increases compared with the case where EDFA is used, as the whole amplifier, it becomes small. 
[0028] By the way, the transparency property from the specific port of AWG to each output port has periodicity, as shown in 
drawing 4 . Here, when the light of 32 wavelength multiplexing located in a line with AWG of periodic 8deltalambda 
(deltalambda: separation wavelength gap) as shown in the transparency property 4 1 of the 1 st output port of drawing 4 or the 
transparency property 42 of the 2nd output port by gap deltalambda carries out incidence, eight 4 Shigemitsu Namita who ranks 
with the 1 st to 8th port by 8deltalambda is obtained. Thus, wavelength multiplexing can be divided by one step of AWG. What is 
necessary is just to use the large semiconductor laser amplifier of a band for amplifying these, although the light covering a large 
wavelength range is contained in the divided light. Therefore, like drawing 5 , in optical multiplexing circuit IB, one step of 
AWG8 can be used for optical branch circuit 6B, the semiconductor laser amplifier array 30 can be used for an optical 
amplification element for one step of AWG2, and the optical amplifier of small and a broadband can be constituted. 
[0029] Drawing 6 is the block diagram of the optical amplifier of the 3rd operation gestalt of this invention. This operation gestalt 
is the example applied to the wavelength routing light network. 

[0030] A basic configuration is the same as the 1 st operation gestalt shown in drawing 1 , forms the optical coupler 63 in the 
input of an optical amplifier, and takes out a part of input light. Incidence of this is carried out to the light wave length detector 61, 
and the number of channels and wavelength which are contained in input light are detected. The light wave length detector 61 
detects the number of wavelength contained in incident light, and the wavelength of each channel by consisting of photodetectors 
7 1 (or CCD being sufficient) of the diffraction grating 70 placed in a fixed position like drawing 7 , and an array, measuring the 
optical spectrum of incident light, and processing this optical spectrum by the digital disposal circuit 72. At optical branch circuit 
1 C, they are AWG2 and AWG 31-33. The optical switch 60 is formed in between. If the number of channels or wavelength 
arrangement which carries out incidence changes to an optical amplifier working, the wavelength detector 6 1 will detect it. A 
control circuit 62 is EDFA4 and the semiconductor laser amplifier 51 which are this detection information and an optical 
amplification element, and 52. The channel which carries out incidence to each optical amplification element is determined, and 
the path of an optical switch 60 is changed from the maximum input wavelength to each optical amplification element decided 
from saturation power and the necessary output of each channel. The number of wavelength which carries out incidence to each 
optical amplification element is controlled by this change. Consequently, output power of each channel can be made into a 
necessary value, without being restricted to the saturation power of an optical amplification element. 

[003 1] This operation gestalt is the most effective when using it for a system which carries out incidence only of the m (m<n) 
wave at once to an optical amplifier to the wavelength of several n used by the whole system in the optical network where this 
amplifier is used. Here, the number of maximum wave length which can carry out incidence to each optical amplification element 
is set to k. When addressing to a rate of a wavelength field is immobilization, also at the lowest, the number of optical 
amplification elements is needed in a n/k individual and a maximum of n pieces depending on how to assign the wavelength of n 
wave. On the other hand, since incidence of the wavelength of k pieces can always be carried out to wavelength field assignment 
being adjustable like this operation gestalt at each optical amplification element, this is not based on how to assign n wave that an 
optical amplification element should just carry out m/k individual preparation. That is, an optical amplification element number 
can be reduced sharply. 
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[0032] Drawing 8 is the block diagram of the optical amplifier of the 4th operation gestalt of this invention. In optical branch 
circuit ID of this operation gestalt, and optical multiplexing circuit 6D, branching of the light by the optical coupler 80 and 
logging of the band by the optical band pass filter 81 are used as a means to divide incident light into a group. Since the level of 
the signal which carry out optical amplification element HE incidence with this operation gestalt fall compared with the 
configuration using AWG show in drawing I , although there be a defect that an output light SN ratio deteriorate 3 it have the 
advantage that each optical component be cheap and a division band can be freely set up with the transparency band and 
transparency center wavelength of the optical band pass filter 81 . Furthermore, it can respond to two or more systems of various 
wavelength arrangement flexibly with a kind of optical amplifier by using the optical band pass filter which makes adjustable 
transparency center wavelength and a transparency band. 

[0033] However, in the optical band pass filter of an interference membrane type used widely now, it is difficult for the 
transparency center wavelength of an optical filter to change freely the transparency band of what can be made adjustable. Then, 
cascade connection of the two equal optical band pass filters 90 and 92 of the transparency band which can carry out adjustable 
of the transparency center wavelength ] as shown in drawing 9 is carried out. The transparency property 9 1 of the filter 90 of the 
preceding paragraph and the transparency property 93 of the latter-part filter 92 are shown in drawing 9 . The property after 
transparency of the two-step filters 90 and 92 is as follows. 

[0034] transparency center wavelength =(lambdal+lambda2)/2 transparency band =deltalambda-|lambdal-lambda2 | - here — 
lambda 1 The transparency center wavelength of a filter 90, and lambda 2 The transparency center wavelength of a filter 92 and 
deltalambda are the transparency bands of filters 90 and 92. Thereby, transparency center wavelength and a transparency band are 
lambda 1 . lambda 2 It can be made to change freely. 

[0035] Drawing 10 is the block diagram of the optical amplifier of the 5th operation gestalt of this invention. It is an example in 
the case of using for a wavelength routing light network the optical amplifier at the time of using for optical branch circuit IE of 
this operation gestalt the optical filter 100 which makes adjus table the optical coupler 80. transpa rency-centerjwavclengthr-and-a— 
-tr^spareney-band4ike-me^rd^ invention shown in drawing 6 . Also in this operation gestalt, the 

wavelength detector 61 detects the number of channels and wavelength which are contained in the light which formed the optical 
coupler 63 in the amplifier input, and branched to it like drawing 6 . A control circuit 62 is EDFA and the semiconductor laser 
amplifier 51 which are an optical amplification element from the maximum input wavelength to each optical amplification 
element decided from this information and the saturation power of each optical amplifier, and the necessary output of each 
channel, and 52. It assigns so that the number of the maximum incident wave length may carry out incidence exactly, and a band 
is determined, and the transparency center wavelength and the transparency band of the optical band pass filter 100 are controlled 
according to this decision. Even if it changes the number of channels and wavelength which carry out incidence to an optical 
amplifier by this configuration, it can be kept constant, without dropping the output power of each channel. 
[0036] 

[Effect of the Invention] As explained above, since it becomes possible to carry out package amplification of the wavelength 
multiple signal covering a large range, without dropping output power, this invention is effective in the signal-to-noise ratio 
determined with an amplifier output level not deteriorating, consequently expansion of transmission capacity and extension of a 
transmission distance being attained in optical direct amplification transmission of wavelength multiplexing light. 



[Translation done.] 



